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TECHNIQUES  FOR  EVALUATING  CORN  GENOTYPES 
UNDER  MAIZE  WEEVIL  ATTACK 

By  Frank  M.  Davis,  Gene  E.  Scott,  and  Walter  J.  Drapala^ 


INTRODUCTION 

The  maize  weevil,  Sitophilus  zeamais  Mot- 
schiilsky,  is  a  serious  pest  of  corn,  Zea  mcnjs  L., 
throughout  the  southern  United  States.  Adults 
and  larvae  feed  on  the  kernels  in  the  field  and  in 
storage,  often  destroying  a  farmer's  entire  crop. 

A  practical  method  of  reducing  maize  weevil 
damage,  practiced  by  farmers  for  some  years,  is 
to  plant  corn  varieties  or  hybrids  that  resist 
weevil  attack.  Kirk  and  Manwiller  (5)-  have 
reported  the  effectiveness  of  planting  weevil- 
resistant  hybrids:  the  rice  weevil  (called  by 
them  Sitophilus  oryzea  (L.),  although  it  was 
probably  the  maize  weevil),  which  in  1944  in- 
fested 65  percent  of  the  ears  grown  in  the 
weevil-infested  areas  of  South  Carolina  and 
caused  20-  to  30-percent  kernel  damage,  has  been 
greatly  reduced  by  planting  weevil-resistant 
corn  hybrids.  Today,  infestations  in  these  areas 
are  usually  not  over  5  percent  of  the  ears  with 
less  than  1-percent  kernel  damage. 

Two  techniques  are  essential  to  evaluate  the 
resistance  of  a  corn  genotype  to  weevil  attack. 
First,  workers  must  be  able  to  create  uniform 
weevil  infestations  simply  and  efficiently  in 
test  plots.  Second,  they  need  a  rapid  and  accurate 
method  of  evaluating  weevil  damage  to  kernels. 
Our  objectives  in  this  study  were  to  develop  a 
new  and  reliable  method  of  infestation  and  to 
determine  the  minimum  sample  of  an  ear  of  corn 
necessary  to  accurately  assess  weevil  damage. 

To  achieve  the  highest  possible  level  of  in- 
festation, a  condition  useful  in  differentiating 
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between  genotypes,  each  plant  of  the  most  sus- 
ceptible genotypes  should  have  the  maximum 
insect  population  that  can  be  supported  without 
overcrowding  and  causing  insects  to  leave.  Un- 
fortunately, we  usually  do  not  know  this  desired 
population  level.  We  usually  work  towards  a 
heavy,  uniform  infestation  that  will  give  each 
plant  in  the  test  an  equal  opportunity  to  become 
heavily  infested. 

Several  methods  of  supplementing  natural 
weevil  populations  to  obtain  a  uniform  infesta- 
tion have  been  described.  Kirk  and  Manwiller 
(5)  scattered  a  handful  of  weevily  screenings, 
collected  from  feed  mills  and  grain  elevators, 
between  alternate  rows  of  corn  in  three  applica- 
tions of  30,000  to  70,000  weevils  per  acre.  A 
drawback  to  this  method  was  that  birds  and 
small  rodents  were  attracted  to  the  test  area  and 
they,  in  turn,  attracted  snakes.'' 

McMillian  etal.  {6)  evaluated  three  methods  of 
infesting  corn  plots  with  weevils — the  doghouse, 
birdhouse,  and  tepee  methods.  In  each  of  these, 
a  structure  holds  weevily  ears  or  kernels  from 
which  weevils  are  to  move  into  the  test  plots.  It 
is  assumed  that  a  uniform  distribution  of  weev- 
ils from  structure  to  structure  will  result.  If  this 
assumption  is  true,  all  of  the  plants  within  the 
plots  should  have  the  same  opportunity  to  be 
equally  infested. 

In  the  tests  reported  by  McMillian  et  al.,  dog- 
houses which  each  contained  200  weevily  ears 
of  corn  were  spaced  throughout  the  test  plots 
so  that  each  was  to  supply  insects  to  infest  2,000 
square  feet.  Each  birdhouse  and  tepee  contained 
5  to  6  pounds  of  weevily  corn  kernels,  and  each 
was  spaced  to  infest  1,000  square  feet.  Wiseman 
et  al.  (7)  used  the  birdhouse  method,  but  placed 
a  known  number  of  weevils  (1,000  per  house) 


"  Report  of  the  Rice  Weevil  Conference  held  in  Athens, 
Ga.,  February  11, 1960. 
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into  5  to  6  pounds  of  corn  kernels  instead  of  us- 
ing weevily  corn. 

The  best  technique  for  determining  real  dif- 
ferences among  corn  genotypes  for  weevil  re- 
sistance would  be  to  accurately  measure  the  ex- 
tent of  damage  caused  by  this  insect  to  each 
kernel  on  an  ear.  Since  this  technique  would  be 
laborious  and  time  consuming,  other  techniques 
for  estimating  the  amount  of  kernel  damage 
have  been  developed  and  tried.  Cartwright  (1) 
evaluated  kernel  damage  by  the  rice  weevil  and 
other  insects  attacking  the  grain  in  the  field  by 
counting  the  number  of  damaged  kernels  on  an 
average  kernel  row  and  multiplying  by  the  num- 
ber of  rows  to  estimate  the  number  of  damaged 
kernels  per  ear.  Eden  (2)  identified  the  egg 
plugs  and  weevil  punctures  on  kernels  with  the 
acid  Fuchin  stain  method  used  by  Frankenfeld 
(A)  and  then  counted  the  damaged  kernels  in  a 
500-kernel  sample  to  estimate  the  number  of  in- 
fested kernels  in  each  hybrid. 

Kirk  and  Manwiller  (5)  developed  a  rating 
system  for  rice  weevil  damage  that  combined 
the  percentage  of  ears  infested  and  the  degree 
of  infestation.  The  degree  of  kernel  damage  on 
infested  ears  was  visually  evaluated  on  a  sever- 
ity index  of  1  to  5.  A  value  representing  calcu- 
lated loss  in  yield  was  assigned  to  each  hybrid 
based  on  the  percentage  of  ears  infested  multi- 
plied by  the  percentage  of  weevil  infestation.  A 
drawback  to  this  technique  is  that  these  calcu- 
lated values  cannot  be  analyzed  statistically. 

McMillian  et  al.  (6)  and  Wiseman  et  al.  (7) 
based  their  evaluation  of  maize  weevil  damage  to 
corn  genotypes  on  percentage  of  infested  ears 
and  a  gross  visual  examination  of  the  infested 
ears  to  determine  the  percentage  of  kernels  dam- 
aged. Their  severity  index  was  similar  to  that 
described  above  for  Kirk  and  Manwiller. 

MATERIALS  AND  METHODS 
Infestation  Methods 

Our  test  site  at  the  Plant  Science  Farm,  Mis- 
sissippi State,  Miss.,  is  in  the  upper  geographical 
range  of  the  maize  weevil,  and,  therefore,  the 
natural  population  density  of  weevils  is  extreme- 
ly low.  Thus,  we  had  to  create  a  heavy  population 
of  weevils  within  our  test  plots  rather  than  sup- 
plement a  relatively  heavy  natural  population. 

For  several  years,  we  used  the  doghouse  meth- 
od to  infest  our  test  plots  with  weevils.  Several 


reasons  led  us  to  look  for  another  infestatioi 
technique.  We  wanted  to  know  the  number  oj 
weevils  released  into  the  test  plot,  and  we  sus 
pected  that  plots  located  adjacent  to  a  doghous 
might  be  more  heavily  infested  than  those  lo 
cated  in  the  fringe  between  two  doghouses.  W 
also  wanted  to  eliminate  the  cost  of  building, 
maintaining,  and  storing  the  doghouses.  m 

In  the  technique  we  developed,  we  rearei^ 
maize  weevils  in  25  pounds  of  shelled  cor: 
placed  in  cardboard  containers.  To  collect  th 
weevils  for  infestation,  we  poured  the  corn  fror 
the  cardboard  containers  into  a  wooden  troug 
and  collected  the  weevils  with  a  vacuum  as  the 
crawled  up  the  sides  of  the  trough  (fig.  1).  W 
then  poured  weevils  into  a  vial  that  had  bee 
previously  calibrated  as  holding  200  weevils  an 
then  placed  these  weevils  in  a  small  paper  bag. 

Beginning  when  most  of  the  corn  silks  ha 
turned  dark  brown,  three  groups  of  weevils  wgk 
released  from  paper  bags  at  weekly  intervals  s 
specific  locations  along  each  row  within  the  tes 
plots  as  shown  in  figure  2.  It  took  about  6  houu 
for  three  persons  to  collect  and  release  weevil 
for  a  test  having  three  replications  of  50  hybridi 


Figure  1. — Collection  of  weevils  from  a  wooden  trou( 
using  a  vacuum. 
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Figure  2. — Release  points  for  maize  weevils  within  test 
corn  plots. 

Damage  Evaluation  Methods 

For  several  years,  we  used  the  evaluation  tech- 
lique  described  by  Wiseman  et  al.  (6),  in  which 
we  visually  examined  the  ears  to  determine  the 
percentage  of  kernels  damaged  by  the  weevils. 
This  was  sufficient  to  quickly  separate  highly 
susceptible  genotypes  from  resistant  ones.  How- 
ever, for  detailed  tests  and  genetic  studies  in 
which  it  is  necessary  to  measure  relatively  small 
differences,  this  examination  method  is  not 
thorough  enough.  Therefore,  we  began  studying 
the  feasibility  of  using  a  different  technique  for 
evaluating  weevil  damage. 

Approximately  2  months  after  infestation,  the 
top  ear  from  each  of  the  first  10  plants  within 
a  plot  was  harvested  and  stored  in  a  coldroom  at 
—8"  C  until  processing.  We  determined  the  num- 
oer  of  weevil-damaged  kernels  (those  having 
adult  weevil  feeding  and  exit  holes  or  signs  of 
larval  feeding)  and  undamaged  kernels  on  vari- 
ous numbers  of  kernel  rows  per  ear.  The  portion 
of  the  ear  evaluated  varied  as  follows: 

Method  A:  Entire  ear. 

Method  B:  Six  alternate  roAvs  beginning  at 
random  on  the  ear  and  moving 
clockwise. 

Method  C:  Second,  third,  fifth,  and  sixth 

rows  of  method  B. 
Method  D:  First  and  fourth  row  of  method 
B. 

Method  E:  Sixth  row  of  method  B. 

These  data  were  subjected  to  standard  an- 
alysis of  variance.  Data  for  each  method  were 
analyzed  separately,  and  a  combined  analysis 


was  used  to  detect  differences  among  methods. 
Duncan's  new  multiple-range  tests  were  used  to 
separate  means.  In  addition,^  rankings  of  per- 
centage of  infested  kernels  for  the  different  hy- 
brids were  transformed  into  normal  scores  (5), 
and  correlations  were  run  comparing  methods 
B,  C,  D,  and  E  with  method  A. 

RESULTS 

Infestation  Methods 

A  direct  comparison  of  our  paper  bag  method 
of  infestation  with  the  doghouse  method  was  not 
made.  However,  an  indirect  comparison  of  the 
levels  of  infestation  attained  by  these  two  meth- 
ods is  shown  in  table  1.  Although  the  different 
years  could  have  biased  the  results,  we  feel  that 
the  30-percent  increase  in  infested  ears  attained 
by  our  paper  bag  method  reflects  a  reduction  in 
the  number  of  plants  that  escaped  infestation. 
We  think  that  the  doghouse  method  resulted  in  a 
nonuniform  distribution  of  the  insects  and  a 
relatively  low  population  of  weevils  leaving  the 
doghouses,  giving  lower  infestation  rates  than 
our  paper  bags.  Comparison  of  the  coefficients 
of  variation  (CV's)  indicate  a  definite  advan- 
tage in  uniformity  of  infestation  for  our  method. 
Thus,  our  method  seems  to  result  in  a  heavier 
and  more  uniform  infestation  than  does  release 
of  weevils  from  doghouses. 


Table  1. — Corn  ears  infested  by  maize  weevils 

through  doghouse  and  paper  bag  distribution 

Ears 

Coefficient 

Year  Method 

infested 

of  variation 

( percent ) 

( percent ) 

1968       Doghouse. .... 

....  43 

37 

1970  ...do  

  49 

56 

1971       Paper  bag  

  79 

16 

1972  ...do  

  73 

16 

Damage  Evaluation  Methods 

We  counted  the  total  number  of  kernels  in- 
fested by  maize  weevils  as  well  as  total  number 
of  kernels  on  each  ear  (method  A) .  Thus,  we 
Avere  able  to  determine  exactly  the  percentage  of 
infested  kernels  for  each  hybrid.  This  is  a  pre- 
cise method  of  evaluating  genotypes,  but  it  re- 
quires considerable  time  and  expense.  We  won- 
dered if  we  could  get  essentially  the  same  results 
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by  counting  damaged  kernels  on  only  a  portion 
of  the  ears.  If  the  subsamples  and  the  total  ker- 
nels gave  comparable  results,  we  would  expect 
that  (1)  the  mean  percentages  of  infested  ker- 
nels would  not  differ  significantly  among  meth- 
ods of  sampling  in  the  combined  analysis;  (2) 
within  each  method,  the  F-values  for  hybrids 
and  the  error  mean  squares  from  the  analysis  of 
variance  and  the  coefficients  of  variations  would 
be  similar;  (3)  the  hybrids  would  be  ranked  the 
same  by  each  method  for  level  of  infestation; 
and  (4)  the  sum  of  the  squared  deviations  of 
counts  for  methods  B  through  D  from  the  hypo- 
thetical mean  (method  A,  all  kernels  on  an  ear 
counted)  would  be  close  to  zero  or  at  least  small. 


The  percentages  of  infested  kernels  for 
given  hybrid  did  not  vary  drastically  amon 
sampling  methods  (table  2) .  The  most  resistan 
and  most  susceptible  hybrids  were  identified  b 
each  of  the  sampling  methods.  The  mean  per 
centage  of  infested  kernels  was  quite  consisten 
for  the  different  methods  of  sampling;  howevei 
method  E  appeared  to  give  the  greatest  discord 
ant  values.  All  of  our  sampling  procedures,  in 
eluding  sampling  only  one  kernel  row  per  eai 
gave  a  greater  separation  of  the  hybrid  mean 
than  did  visual  ratings  (table  2)  based  on  tech 
niques  previously  used. 

The  F-value  for  hybrids  and  the  error  nieai 
squares  from  the  analysis  of  variance  and  th 


Table  2. — Percentage  of  maize  weevil-infested  kernels  on  ears  of  various  corn  hybrids  as  deter 
  mined  by  six  methods 


Hybrid 


Sampling  method^ 


D 


'Mp412'  X  'Mp490' 


'Miss.  6131'  ... 
'Funks  G-4949' 
'Coker  76'   


'Pennington  7-C-llA' 

'Dixie  55'  

'McNair  508'  

'Funks  G-4761'   

'Funks  G-5820'   

'T-E  Whitemaster-A'  ■ 

'P-A-G  751'   

'McCurdy  67-14'   

'P-A-G  748'   

'P-A-G  492'   

'Pioneer  Brand  3147'  • . 
'Funks  G-4864'   


Visual 
rating- 


1.00a 

1.10a 

1.15a 

0.94a 

1.17a 

1.00a 

1.60a 

1.77ab 

1.73ab 

1.92ab 

1.60a 

1.00a 

1.71a 

1.99ab 

2.06ab 

1.85ab 

2.55ab 

1.00a 

2.39ab 

2.80ab 

2.44ab 

3.51a-d 

2.59a-c 

1.00a 

3.02ab 

3.88a-d 

3.65a-d 

3.97a-d 

3.44a-d 

1.00a 

3.02ab 

3.71a-d 

3.76a-d 

3.61a-d 

3.80a-d 

1.00a 

3.12ab 

2.96a-c 

2.82a-c 

3.20a-d 

3.35a-d 

1.00a 

3.16ab 

3.59a-d 

4.18a-e 

2.59a-c 

3.94a-d 

1.00a 

3.80a-c 

4.58a-f 

5.03a-f 

4.47a-e 

5.70a-g 

1.00a 

4.14a-d 

4.53a-e 

5.01a-f 

3.62a-d 

8.36a-h 

1.00a 

4.16a-d 

5.09a-f 

5.40a-f 

4.40a-e 

6.38a-h 

1.00a 

4.20a-d 

4.66a-e 

4.69a-f 

4.69a-f 

4.54a-e 

1.00a 

4.31a-d 

4.76a-f 

5.02a-f 

4.32a-e 

5.73a-g 

1.00a 

4.60a-e 

5.15a-f 

5.46a-g 

4.21a-d 

4.87a-f 

1.00a 

5.25a-f 

5.33a-g 

5.45a-g 

5.05a-g 

6.27a-g 

1.00a 

5.86a-g 

5.80a-g 

5.27a-f 

6.87a-i 

4.42a-e 

1.00a 

6.39a-g 

6.81a-h 

6.98a-h 

6.45a-h 

8.09a-h 

1.00a 

6.80a-g 

8.00a-h 

7.25a-h 

7.52a-i 

6.49a-h 

1.00a 

6.89a-g 

8.72b-h 

9.05b-i 

7.98a-i 

8.22a-h 

1.66bc 

7.02a-g 

6.38a-h 

6.92a-h 

6.53a-h 

6.93a-h 

1.33ab 

7.15a-g 

8.95b-h 

8.96b-i 

8.96b-i 

8.71a-h 

1.00a 

7.45a-g 

7.78a-h 

7.79a-h 

7.54a-i 

7.58a-h 

1.00a 

8.07a-g 

8.49b-h 

8.44a-h 

8.74b-i 

8.20a-h 

1.66bc 

8.12a-g 

8.70b-h 

9.13b-i 

7.86a-i 

9.34a-h 

1.33ab 

8.94b-h 

10.13c-i 

10.18c-i 

10.14d-) 

13.93g-h 

1.66bc 

9.14b-h 

10.33d-i 

10.22c-i 

10.59d-j 

12.06d-h 

2.00c 

9.35b-h 

10.54d-i 

ll.Old-i 

9  66e-j 

12.94e-h 

1.33ab 

10.84c-li 

11.49e-i 

11.41e-i 

11.97f-j 

13.93g-h 

2.00c 

11.17d-h 

10.84d-i 

ll.Old-i 

10.56d-i 

11.43b-h 

1.33ab 

11.47e-h 

12.09f-i 

11.94f-i 

12.45g-i 

11.53c-h 

1.33ab 

11.89f-h 

13.34h-i 

12.89g-i 

14.22i-j 

13.27e-h 

2.00c 

12.84g-h 

13.05h-i 

13.63h-i 

11.72e-j 

13.94g-h 

1.66bc 

12.86g-h 

12.47f-i 

12.14f-i 

13.09h-j 

13.51  f-h 

1.66bc 

followed  by  the 

same  letter 

differ  significantly  from  each 

other  at  the  5% 

level  ( Duncan's 

on  the  %  of  kernels  infested 

in  the  10-ear  sample 

(1  =  1  to  10%,  2  =  11  to  20%,  etc.). 

multiple-range  test) 


Table  3. — Summary  of  mean  squares  and  coefficients  of  variation  for  five 
methods  of  evaluating  level  of  maize  weevil  damage  on  corn  hybrids 


Mean  squares  for  methods 

Df      ~K              B  C  D  E 

Among  hybrids                    33       41.52'"'       41.52°"  44.59"'  47.09"  49.45*" 

Error                                 66       12.73          13.33  14.09  13.78  20.02 

Coefficient  of 

variation   pet                     3.82            3.93  4.04  3.99  4.84 

Denotes  significance  at  the  0.01  level  of  probability. 


2Y's,  all  calculated  from  the  data  collected  by 
each  sampling  method,  are  given  in  table  3.  Ex- 
ieept  when  only  one  kernel  row  was  counted 
(method  E) ,  each  sampling  method  gave  similar 
;esults.  However,  the  combined  analysis  of 
sampling  methods  indicated  highly  significant 
statistical  differences  among  hybrids  and 
imong  sampling  methods.  The  means  for  all 
sampling  methods  differed  significantly  from 
;he  control  (all  kernels  counted) ,  and  the  great- 
est overestimation  resulted  when  only  one  ker- 
nel row  per  ear  was  counted  (table  2) .  Thus,  we 
'ound  relatively  little  difference  among  sam- 
pling methods  A  through  D.  However,  even 
;hough  the  magnitudes  of  the  differences  among 
jjiybrids  are  essentially  the  same  among  the  dif- 
ferent sampling  procedures,  this  does  not  neces- 
iarily  mean  that  the  hybrids'  infestation  levels 
ivere  being  recorded  the  same  in  each  of  the  pro- 
cedures. 

From  the  combined  analysis  of  variance,  we 
found  that  the  "hybrid  X  sampling  methods" 
nteraction  was  not  significant.  Thus,  in  gen- 
eral, the  hybrids  performed  relatively  the  same 
jivith  each  sampling  procedure.  Perhaps  a  more 
critical  test  would  be  to  rank  the  hybrids  for 
percentage  of  infested  kernels  for  each  of  the 
methods.  Then  each  method  of  sampling  could 
be  compared  with  the  results  of  counting  all 
[kernels  on  the  ear.  These  rankings  (table  4)  can 
jbe  compared  visually,  or  correlations  based  upon 
tanked  normal  deviates,  or  rankits,  can  be  calcu- 
lated. The  ^--values  of  the  other  methods  when 
compared  to  method  A  were: 

Method  T-values 

B   0.984 

C   986 

D   975 

E   941 


Table  4. — Ranking  of  hybrids  for  percentage  of 
maize  iveevil-infested  kernels  by  various 
sampling  methods,  tvith  results  of  method  A 
as  hypothetical  true  values 


Sampling  method 


Hybrid 

A 

B 

C 

D 

E 

'Mp412'x'Mp490'   

. . .  1 

1 

1 

1 

1 

'Coker  54'   

2 

2 

2 

3 

2 

'Pennington  Fla.  200-A'  •  ■  • 

. .  .  3 

3 

3 

2 

3 

'Pioneer  Brand  3009'  

• . .  4 

4 

4 

8 

4 

'T-E  Yellowmaster'   

. . .  5 

7 

7 

7 

7 

'Dixie  18'   

. . .  6 

8 

5 

4 

5 

'ACCO  AR  08643'  

. . .  7 

6 

6 

6 

6 

'Coker  814'   

. . .  8 

5 

8 

10 

8 

'Asgrow  RX403'W   

. . .  9 

10 

12 

5 

16 

'Funks  G-5945'   

. . .  10 

12 

10 

14 

12 

'Miss.  6131'   

. . .  11 

13 

13 

13 

14 

'Funks  G-4949'   

...12 

9 

9 

11 

9 

'Coker  76'  

...13 

11 

16 

9 

13 

'Pioneer  Brand  3030'   

...14 

14 

11 

12 

15 

'McNair  7262'   

...15 

15 

14 

15 

11 

'Pennington  7-C-ll-A'  •  •  • 

...16 

16 

15 

17 

18 

'Dixie  55'   

...17 

20 

20 

20 

20 

'McNair  508'   

...18 

17 

17 

16 

22 

'Funks  G-4761'   

...19 

22 

18 

18 

17 

'Funks  G-5820'   

...20 

18 

22 

22 

23 

'T-E  Whiteniaster-A'   •  ■  ■  ■ 

...21 

23 

23 

24 

19 

'PAG  751'   

. . .  22 

24 

21 

19 

10 

'McCurdy  67  14'   

...23 

19 

19 

23 

21 

'PAG  748'   

...24 

21 

24 

21 

24 

'PAG  492'   

...25 

25 

25 

27 

29 

'Pioneer  Brand  3147'   

...26 

26 

26 

25 

30 

'Funks  G-4864'   

...27 

27 

27 

29 

26 

'PAG  644W'   

...28 

29 

29 

26 

27 

'Miss.  0002'   

...29 

28 

28 

32 

31 

...  30 

30 

30 

28 

33 

'McNair  X300'   

...  31 

33 

33 

30 

25 

'Coker  56'   

...32 

32 

31 

33 

28 

'Funks  G-795W'   

...33 

31 

32 

31 

32 

'Asgrovif  RX115'   

...34 

34 

34 

34 

34 

Sampling  methods  B,  C,  and  D  did  not  change 
the  rankings  appreciably,  but  method  E  did  not 
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rank  the  hybrids  as  well.  However,  the  r-value 
for  the  comparison  of  sampling  one  kernel  row 
per  ear  compared  with  the  whole  ear  was  still 
quite  high. 

In  addition  to  comparing  the  rankings  for  the 
various  methods,  we  calculated  the  deviation  of 
the  observed  value  for  a  given  sampling  method 
with  the  hypothetical  true  mean  (whole  ear) 
and  obtained  the  sum  as  well  as  the  sum  of  these 
squared  deviations  (table  5) .  Methods  B,  C,  and 
D  responded  essentially  the  same.  The  deviations 
were  considerably  larger  when  only  one  kernel 
row  per  ear  was  counted. 

Table  5. — S^ini  of  deviations  of  observed  values 
from  true  percentage  of  infested  kernels 
(from  method  A)  and  the  sum  of  those 
squared  deviations 


Sum  of 

Sampling  Sum  of  squared 

method  deviations  deviations 


B  19.34  22.29 

C  20.90  26.17 

D  14.37  24.74 

E  36.94  102.10 


CONCLUSIONS 

Our  paper  bag  method  appeared  to  be  better 
than  the  doghouse  method  for  creating  a  uni- 
form maize  weevil  infestation,  as  evidenced  by 
a  30-percent  higher  infestation  and  a  lower  co- 
efficient of  variation.  Other  advantages  of  our 
method  include  the  release  of  a  known  number 
of  weevils  into  test  plots  and  none  of  the  build- 
ing, storage,  or  maintenance  costs  required  with 
doghouses.  The  two  methods  involve  about  the 
same  amount  of  time. 


Various  statistical  analyses  showed  that  us- 
able estimates  of  damage  resulted  from  examin- 
ation of  subsamples  of  six,  four,  and  two  rows. 
Examination  of  one  row  per  ear  did  not  give  as 
good  an  estimate  as  did  the  other  sampling  tech- 
niques, but  it  was  close  enough  so  that  workers 
might  consider  using  it  instead  of  the  usual  gross 
visible  damage  index. 

For  tests  requiring  a  close  approximation  of 
the  true  value,  we  are  using  the  two-row  sub- 
sample.  The  time  required  to  examine  a  single 
row  of  kernels  for  damage  is  about  45  seconds. 
The  reduction  in  examination  time,  as  compared 
to  the  time  involved  in  examination  of  every 
kernel  on  an  ear  of  corn,  compensates  for  the 
diminished  accuracy  of  the  two-row  method.  j 

LITERATURE  CITED 

(1)  Cartwright,  0.  L.  1930.  The  rice  weevil  and  associ- 

ated insects  in  relation  to  shuck  length  and  corn 
varieties.  S.C.  Agric.  Exp.  Stn.  Bull.  226,  28  pp. 

(2)  Eden,  W.  G.  1952.  Effect  of  husk  cover  of  corn  on 

rice  weevil  damage  in  Alabama.  J.  Econ.  Entomol, 
45:  543-544. 

(3)  Fisher,  R.  A.,  and  Yates,  F.  1957.  Statistical  tables 

for  biological,  agricultural  and  medical  research 
138  pp.  Hafner  Publishing  Co.,  New  York. 

(4)  Frankenfeld,  J.  C.  1948.  Staining  methods  for  de- , 

tecting  weevil  infestation  in  grain.  U.S.  Dep 
Agric.  Bur.  Entomol.  Plant  Quar.  E[ntomologicar  j 
T[echnic]  Series  No.  256,  4  pp. 

(5)  Kirk,  V.  M.,  and  Manwiller,  A.  1964.  Rating  denl 

corn  for  resistance  to  rice  weevils.  J.  Econ 
Entomol.  57:  850-852. 

(6)  McMillian,  W.  W.,  Widstrom,  N.  W.,  and  Starks 

K.  J.  1968.  Rice  weevil  damage  as  affected  by  husls 
treatment  within  methods  of  artificially  infesting 
field  corn  plots.  J.  Econ.  Entomol.  61 :  918-921. 

(7)  Wiseman,  B.  R.,  McMillian,  W.  W.,  and  Widstrom 

N.  W.  1970.  Husk  and  kernel  resistance  among  hy 
brids  to  an  insect  complex.  J.  Econ.  Entomol.  63: 
1260-1262. 


*1975-G.P.O.-671-583/1750-S/ll 

1 


